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INTRODUCTION
There are three major hypotheses why individuals form social groups: to obtain foraging benefits (Wrangham, 1980) , to increase safety from pre- dators (Alexander, 1974) , and to enhance reproductive opportunities (CluttonBrock and Harvey, 1976) . The relative importance of these factors differ between and within species and may vary according to the context and individuai's position in a social group (Rubenstein and Wrangham, 1986) . Mixed-species groups are relatively simplified contexts in which to examine hypotheses why animals are social because joining other species has no direct effect on reproductive strategies.
Interspecific associations are widely described in primates (Struhsaker, 1981; Gautier-Hion et al., 1983) and in other social animals (Willis and Oniki, 1978; Sinclair, 1985) . Waser (1984 Waser ( , 1987 cautioned that interspecific associations must be demonstrated to be more than chance encounters. He concluded that only four sets of primate interspecific associations have been confidently identified: (1) Cercopithecus ascanius and C. mitis in Uganda and Kenya; (2) Cercocebus albigena, C. pogonias, and C. nicitans in Gabon; (3) C. cephus and M. talapoin, also in Gabon; and (4) Cebus and Saimiri spp. in South America (Waser, 1987) .
This report is specifically concerned with the last pair of taxa. In South America the formation of persistent mixed-species groups of Saimiri sciureus and either Cebus apella or, to a far lesser extent, C. albifrons is well documented (Izawa, 1975 (Izawa, , 1976 (Izawa, , 1980 Thorington, 1967 Thorington, , 1968 Moynihan, 1976; Neville et al., 1976; Fleagle et al., 1918; Klein and Klein 1973) . Terborgh and his colleagues at Manu, Peru (Terborgh, 1983; C. H. Janson, personal communication; C. Mitchell, personal communication) provide the most detailed data. They characterize the associations as being (1) nearly exclusively initiated and maintained by S. sciureus and (2) of a long duration (_ 80% of the time of a troop of S. sciureus was spent in association with a Cebus troop). In fact, at Manu troops of S. sciureus are most predictably located by finding Cebus (C. Mitchell, personal communication). Terborgh (1983) concluded that (1) few benefits accrued to Cebus from association with S. sciureus (2) the latter species gained enhanced protection from predators due to high levels of vigilance by Cebus throughout the year, and (3) S. sciureus benefited at least seasonally from the more detailed knowledge that Cebus had about the distribution of fruit patches within their smaller home range.
However, a much different relationship exists between their congeners in Central America. Anecdotal reports describe Saimiri oerstedii as actively avoiding Cebus capucinus (Baldwin and Baldwin, 1972; Moynihan, 1976) . In the course of an ongoing study of the ecology and behavior of S. oerstedii at Parque Nacional Corcovado, Costa Rica, I collected quantitative and ad lib. data on interactions of S. oerstedii with C. capucinus. Saimiri exhibits extensive geographic variation in an array of characters (Hershkovitz, 1984; Thorington, 1985) . No data are available to address the possible ge-netically based differences between South and Central American populations of Saimiri which cause their disparate patterns of association with Cebus. The hypotheses addressed are thus restricted to ecological factors that might be responsible for these differences. Is the pattern of association between the two species nonrandom? Are there costs and benefits with regard to food acquisition and susceptibility to predation accruing to either species when in association? The results suggest that S. oerstedii does not join C. capucinus troops at the frequencies exhibited by South American populations because it obtains neither foraging nor antipredator advantages and possibly experiences a reduction in foraging efficiency when in this mixed-species association.
METHODS
The study site is Sirena Biological Station in Parque Nacional Corcovado, province of Puntarenas, Costa Rica. This site, the general methodology, and the natural history of S. oerstedii are described elsewhere (Boinski, 1985 (Boinski, , 1986 (Boinski, , 1987a (Boinski, ,b,c, 1988a (Boinski, , 1989 Boinski and Scott, 1988; Boinski and Fowler, 1989; Boinski and Newman, 1988; Boinski and Timm, 1985) . Quantitative data were collected from 1 November 1983 to 31 September 1984 on the patterns of association between a troop of S. oerstedii (Potrero Viejo troop) and two troops of C. capucinus (LT and MW troops) whose ranges overlapped that of S. oerstedii. Four seasons were readily demarcated by rainfall levels during the study: late season, November-December 1983; dry season, January-March 1984; early wet season, April-June 1984; and mid wet season, July-September 1984.
During each half-hour in contact with the S. oerstedii (n = 2303), a group scan sample (Altmann, 1974) was collected. It included data on troop location, activity, and the presence or absence of C. capucinus within 50 m of the periphery of the troop of S. oerstedii. This is not a conservative definition of association. Troops could merely pass in opposite directions and still be considered in association. The bias would inflate the number of associations. Detailed descriptions were also collected on the types of interactions that occurred and other pertinent information, in addition to the identity of the C. capucinus troop. For analysis of the effects of time of day, the scan samples of group behavior, taken at half-hour intervals, were pooled into six time periods: 0500-0630, 0700-0830, 0900-I030, 1100-1230, 1300-1430, and 1500-1800.
Five categories were used to describe activity of the S. oerstedii. Travelforage occurred when the entire troop was traveling and foraging in a determinable direction. Speed of movement commonly varied between 50 m/hr and 1.5 km/hr. During stationary foraging the troop did not move in any obvious direction, yet every troop member was engaged in some type of foraging activity. Instances when all troop members were traveling in the same direction and none were foraging were described as travel For brief periods the speed at which the troop moved could exceed 4 km/hr. During stationary rest and foraging the troop was not traveling in any obvious direction, at least one troop member was foraging, and at least one other troop member was not engaged in any foraging behavior. No troop member was observed to be either foraging or traveling during stationary rest.
The expected frequencies of association by S. oerstedii with either capuchin troop were approximated using a simple probability model. Typically, troops of C. capucinus were dispersed less than 1 ha and S. oerstedii troop was dispersed over slightly more than 1 ha. When a 50-m-wide perimeter was incorporated into the estimate, the effective dispersion of the S. oerstedii troop approximated 3 ha. The proportion of the range that the S. oerstedii shared with each troop of C. capucinus was multiplied by the probability that C. capucinus was within the same 3 ha; in other words, 3 ha divided by the area of the home range of the C. capucinus troop. The product of these two proportions is the expected level of association under the null hypothesis.
Quantitative data on the foraging behavior of C. capucinus were collected in a previous study at this site (Boinski, 1980) . Further qualitative observations on the foraging behavior of C. capucinus were obtained from February to September 1982 and June 1983 to September 1984 and January to February 1988 (> 500 hr) and January to February 1988 ( > 90 hr).
RESULTS

Diet and Range Use of C. capucinus
Troops of C. capucinus were available to S. oerstedii. The ranges of the C. capucinus completely overlapped that of the S. oerstedii. During the study, the LT troop of C. capucinus varied from 9 to 11 individuals and used 45 ha of the range of the S. oerstedii and at least 20 additional ha outside of the known range of the S. oerstedii. The MW C. capucinus troop was larger: 12-15 individuals. Its range, 61 ha, was completely encompassed by that of the S. oerstedii. Three other C. capucinus troops had ranges which overlapped the periphery of the S. oerstedii, totaling less than 35 ha. Consistent with reports at other sites where C. capucinus has been studied (Oppenheimer, 1968; Freese and Oppenheimer, 1981) , little long-term overlap in the ranges of troops of C. capucinus was observed in Corcovado.
The diet of C. capucinus in Corcovado was also consistent with published reports (cf. Freese and Oppenheimer 1981) . Both C. capucinus and S. oerstedii harvested stationary arthropods from foliage. C. capucinus also obtained arthropods by manipulation of objects, such as epiphytes, palm fronds, and dead branches, which required more strength than S. oerstedii were capable of exerting. Most of the dietary overlap in plant food between the two monkeys was accounted for by four kinds of fruit, which were available at different times of the year: Miconia argentea (Melastomataceae), dry season; Psidium guajava (Myrtaceae), dry through mid wed season; five species of Inga (Mimosoideaceae), dry and early wet season; and Palicourea guianensis (Rubiaceae) . When in fruit, all these species were common in the study area.
Frequency and Context of Associations
The frequency of association between the S. oerstedii and the C. capucinus was always low, seasonally ranging between 1.8 and I5.7% of scan samples within the range of the LT troop and 1.8 and 7.7~ for the MW troop (Fig. 1) . This is verly low compared to South American congeners and is consistent with the values expected under the null hypothesis of random association. For the LT troop, the expectation was 1.1 07o of scan samples, based on the product of 45/176 (the probability that S. oerstedii are within Only minor contextual differences were identified. Association was not independent of season for the LT troop, being more common in the dry season (x 2 = 56.13, df = 3, p < 0.001). No significant time-of-day differences were found across the year for either troop, although the MW troop was in association less frequently than expected with the S. oerstedii troop from 0900 to 1100 in the dry season (x 2 = 14.75, df = 5, p < 0.05) and more frequently from 0700 to 1100 in the early wet season (x 2 = 14.10, df = 5, p < 0.05). Activity of the S. oerstedii was not found to be a significant factor affecting the frequency of association with either troop of C. capucinus across the year or in any season. Habitat was a significant factor affecting the frequency of association of the LT troop only in the dry season (X 2 = 15.12, df = 3, p < 0.001); associations were disproportionately more frequent in the second-growth and late second-growth forests.
The S. oerstedii were rarely (n = 8) observed to approach any C. capucinus closer than 30 m. The S. oerstedii appeared to withdraw from the vicinity of any troop of C. capucinus that it encountered. Often (n = 47), I first suspected that C. capucinus was near when the S. oerstedii became quiet, coalesced, and moved rapidly in a direction which I later confirmed to be away from the C. capucinus. All associations were initiated by C. capucinus approaching the S. oerstedii and were usually of a short duration. The strong impression was that most of these approaches were not approaches to the S. oerstedii per se but, instead, were caused by the S. oerstedii being located on the travel path of C. capucinus. All but two of the associations were terminated by S. oerstedii leaving the proximity of C. capucinus, usually rapidly and quietly.
Of the 154 scan samples in which the S. oerstedii associated with a troop of C. capucinus, less than 36 were sequential. Of the sequential scan samples, the large majority (30) occurred with the LT troop (see below). The six sequential scans with the MW troop consisted of three associations, each having a duration that encompassed two sequential scans. In all three instances the S. oerstedii were stationary or slowly moving and most troop members were foraging for arthropods when approached by the MW troop. The C. capucinus maintained a position adjacent to the S. oerstedii while troop members rested or foraged for arthropods. No direct interactions between the species were observed. By the time the second scan sample was collected, the S. oerstedii troop was always rapidly and nearly silently travelling away from the C. capucinus troop, eventually outdistancing the C. capucinus.
An individual C. capucinus was never observed to engage in direct competition with a S. oerstedii over a food item or foraging site. More than five individuals of both troops fed together on the same fruit and source only 25 times. In all these situations, numerous trees with these ripe fruits were available. No affiliative interactions between species, such as play or grooming, were observed. Mild aggression was only occasionally directed by C. capucinus to S. oerstedii. The sole observation of a C. capucinus in physical contact with a S. oerstedii occurred when a C. capucinus adult male was threatening me. After depleting the supply of readily detachable branches, he picked up an adult female S. oerstedii and threw her at me from a height of 13 m (Boinski, 1988b) .
Apparently C. capucinus avoided interspecific associations less than S. oerstedii did. Because detailed data on the movement patterns of the C. capucinus independent of S. oerstedii are lacking, hypotheses that C. capucinus behaved so as to increase or decrease the frequency of association with S. oerstedii cannot be directly tested. There is evidence, however, that C. capucinus, at least in specific circumstances, attempted to join the S. oerstedii. The sharp rise in the frequency of association between the LT and the S. oerstedii exactly coincided with the possible predation of an adult female of the LT C. capucinus troop.
On 7 January 1984, the LT troop spent a minimum of 3 hr in association with the S. oerstedii, until the latter species moved out of the range of the LT troop. Previously no association between these troops had exceeded 30 min. During the association, I observed an adult female C. capucinus with a bloody head wound being groomed by three other troop members. When I recovered the dead body 2 days later, the immediate cause of death appeared to be a puncture wound 6 mm in diameter above the right orbit, probably caused by a canine tooth. (I suspect that the wound was caused by an ocelot, but aggression from another C. capucinus cannot be ruled out.) On the next 14 clays that observations were made (until 25 January 1984), the LT troop was apparently waiting within 30 m of the S. oerstedii sleeping tree before dawn for the S. oerstedii troop to exit the tree. The LT troop followed the S. oerstedii until they had left their range.
The 30 sequential scans of the LT troop varied in duration from two to six scans with a mode of three. As with the sequential scans observed with the MW troop, the LT troop always approached the stationary or slowly moving S. oerstedii, but more quickly than did the MW troop of C. capucinus. The LT troop then closely followed the now more rapidly moving S. oerstedii until the latter outdistanced them or moved out of the range of the LT troop. The only instance in which S. oerstedii was stationary and troop members rested and foraged for more than one sequential scan in association with a C. capucinus troop, lasted 73 min in the middle of the 3-hr association on 8 January 1984. This is the first day when the wounded member of the LT troop was missing. The LT troop followed the S. oerstedii so closely that the latter seemed unable to elude the C. capucinus after an hour of rapid movement that provided few foraging opportunities for the S. oersteddi. Following the feeding period, with the LT troop in the midst of the S. oerstedii, the latter species resumed rapid, often circuitous, movement and moved into the range of the MW troop.
Adult male C. capucinus responded to alarm calls of S. oerstedii in various ways: intensely scanning the sky or ground; loudly vocalizing and displaying; or closely approaching the source of vocalization by S. oerstedii. In at least 16 instances during the month-long period following the death of a troop member, the adult female and subadult C. capucinus quickly coalesced into tight groups following alarm vocalizations by S. oerstedii. For example, after a S. oerstedii uttered alarm barks on detecting a large adult opossum (Didelphis marsupialis) in a tree, adult and subadult males of the LT troop approached from 30 m away, mobbed the opossum, and eventually threw it to the ground 15 m below. When, in association with the MW C. capucinus troop, a S. oerstedii gave barks and peeps at a tayra (Eira barbara), in less than 45 sec it was surrounded by six C. capucinus. In both instances, the female and subadult C. capucinus formed a close group away from the potential predator and the S. oerstedii fled to a location more than 200 m away.
DISCUSSION
In Corcovado the pattern of association between Cebus and Saimiri differed markedly from the more familiar situation. At Manu, Peru, where this association has been most thoroughly documented, S. sciureus persistently joins and maintains an association with either C. apella or C. albifrons for extended periods, up to 90% of the troop's time (Terborgh, 1983; C. Mitchell, personal communication) . In contrast, at Corcovado, although numerous troops of C. capucinus were available, the overall proportion of time that troop was associated with C. capucinus was much lower, only 6.6% of the group scan samples over an 11-month period. This observed level of association in Corcovado closely approximated the proportion of time predicted by a simple random model, 1-2% of scan samples. There was no evidence that S. oerstedii attempted to initiate or maintain associations with C. capucinus. Although these results were obtained from one S. oerstedii troop over a limited period, they are consistent with over 3 years of observations I have made on other S. oerstedii and C. capucinus troops in Corcovado and at other Costa Rican sites.
Advantages and Disadvantages of Mixed-Species Groups
Two general, compatible hypotheses are proposed to explain why Saimiri in South America apparently seek opportunities to form mixed-species groups with Cebus: foraging benefits and increased protection from predators (Terborgh, 1983; Terborgh and Janson, 1986) . Terborgh (1983) suggested that in Manu S. sciureus benefited, at least seasonally, from association with Cebus because of the latter's more detailed knowledge of fruiting activity in their smaller home ranges. S. sciureus also seasonally benefit because they scavenge palm nuts that are cracked open and dropped by Cebus.
Association between the species was independent of the activity of S. oerstedii. C. capucinus was not in close proximity to the S. oerstedii troop more often than expected when the latter was either foraging or engaged in nonforaging activities. Habitat type was also a weak predictor of association. However, fruit sources, and probably arthropod foraging areas, commonly used by both species were not randomly distributed throughout the study area. That the proportion of time association occurred was slightly greater than expected was likely a consequence of both species tending to be present near preferred foraging areas, even if they were not currently foraging.
It is difficult to identify any proximate foraging benefit that either species would gain from their association. Dietary overlap was minimal between the two species in patchily distributed trees with large fruit crops, such as figs. It was thus unnecessary for S. oerstedii to capitalize on the knowledge held by C. capucinus on the distribution of fruit trees. Furthermore, there was no evidence that a behavior of C. capucinus made any food resource more accessible to S. oerstedii. Klein and Klein (1973) , based on their observations of S. sciureus and C. apella in Colombia, suggested that Saimiri obtain a foraging advantage when in close proximity to Cebus, because the latter species effectively functions as a beater, flushing arthropods that are then more readily captured by Sairniri. Neither S. oerstedii in Corcovado nor S. sciureus in Manu attempted to capture flying or leaping arthropods; nearly all prey was stationary when captured (Boinski, 1988a; Boinski and Fragaszy, 1989; C. H. Janson, personal communication) . Troops of both Saimir slap. were instead attended throughout the year by insectivorous birds that foraged on prey flushed by the movement of the numerous troop members through foliage-laden branches (Boinski and Scott, 1988; C. H. Janson, personal communication) .
In addition to a lack of foraging advantages, there was plausibly a cost in terms of reduced foraging efficiency to individual S. oerstedii when in mixed-species groups with C. capucinus. Intra-troop indirect food competition appeared to be important in S. oersteddi; individuals avoided each other when foraging relative to nonforaging activities (Boinski, 1988a) . Any foraging of arthropods from foliage, or even disturbance of foliage caused by other foraging and nonforaging activities, by C. capucinus would exacerbate the rate of resource depletion. The mere presence of a C. capucinus would also indirectly lead to a reduced foraging efficiency. Although there was no evidence that C. capucinus was a source of mortality for S. oerstedii, as Moynihan (1976) suggested, there was the potential for relatively mild aggression. When near S. oerstedii, the C. capucinus were monitored by the individual S. oerstedii. This activity conflicted with other behavior, such as scanning vegetation for arthropods. Terborgh (1983) concluded that the major year-round advantage received by S. sciureus in joining Cebus is the opportunity to benefit from the alarm calls and vigilance of Cebus. Compared to larger Cebidae, Cebus and Saimiri are more vulnerable to predators and readily give alarm calls at their appearance (Robinson and Janson, 1987) . At Manu, adult male C. apella allocated about 30~ of their time to vigilance (C. H Janson, personal communication). On the other hand, sympatric S. sciureus invested negligible time in vigilance (Terborgh, 1983) . It should be noted that other field workers observing Cebus have relied on definitions of vigilance that are often difficult to distinguish from other types of behavior, such as "scanningcautiously observing the surroundings, often with horizontal rotation of the head" (De Ruiter, 1986, p. 242) . This imprecision makes comparisons between studies difficult (J. G. Robinson, personal communication) .
In Corcovado, predation is also a real possibility to S. oerstedii (Boinski, 1987a,b) . Not surprisingly, S. oerstedii were vigilant, defined as staring up into open sky and widely swiveling the head toward different sectors. This was clearly differentiated from visual searching for food because food-beating substrates were not in their line of vision, nor were food items subsequently harvested. There were usually about four adult males per troop, and each spent about 507o of daylight hours being vigilant, particularly in habitats with sparse canopy (Boinski, 1987a, in preparation) . Adult females with infants 3 months of age and younger also spend up to 9~ of their time being vigilant (Boinski, 1987b) . If a less conservative definition of vigilance had been employed, like that in studies of Cebus, the estimate of time allocation to vigilance among troop members would be at least doubled.
On the other hand I never observed a behavior in C. capucinus that could be identified as vigilance that did not immediately follow a disturbance. There was no obvious distinction between visual searching for food and scanning for potential predators. The set of potential predators for C. capucinus (adult body weight 1.5-3 kg) in Corcovado is certainly smaller than that for S. oerstedii (less than 1 kg), but they do exist, including the crested eagle (Morphnus guianensis), arboreal cats (Felis wiedii, F. pardalis ) , and the boa (Boa constrictor). Even if C. capucinus were eventually shown to engage in vigilance, it is uncertain how much additional benefit S. oerstediiwould obtain. However, the reverse does not seem to be true since C. capucinus appeared to go to extraordinary lengths to join S. oerstedii following the death of a troop member.
In short, the two factors invoked to explain the advantages obtained by S. sciureus when in mixed-species groups with Cebus in South America, enhanced foraging success and protection from predation, are unlikely to be present in Corcovado where S. oerstedii and C. capucinus associate infrequently. These hypotheses are thus indirectly supported, although not distinguished.
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